Abstract -The objective of this work was to determine the effect of incorporation timing of the velvet bean (Stizolobium cinereum) (GM) on both organic broccoli yield and N status. Mineral N content in the soil, biologically fixed N recovery by broccoli, GM biomass decomposition and N release kinetics were also determined. Plots were fertilized with 12 Mg ha -1 of organic compost and received GM either at 0, 15, 30 or 45 days after transplant. Other treatments were compost (12 or 25 Mg ha -1 ), GM, mineral fertilizers and control (no fertilizer). The data were collected in four completely randomized blocks. GM decomposition increased mineral N content in soil as rapidly as mineral fertilizer or the supply of 25 Mg ha -1 of compost. The N half-life in GM (24 days) is smaller than the mass half-life (35 days) and the biological fixation contributed with 23.6% of N present in the aboveground biomass of broccoli. The result suggests a higher synchrony between the crop relative growth rate and N release from the GM when incorporated at crop early growth stage. The incorporation of GM until 15 days after transplanting replaces 50% of the highest compost dose, without yield loss.
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Época de incorporação de adubo verde para o cultivo orgânico de brócolis
Resumo -O objetivo deste trabalho foi determinar o efeito do momento da incorporação de mucuna-cinza (Stizolobium cinereum) (AV) sobre a produtividade e o teor de N do brócolis orgânico. Foram determinados o teor de N mineral no solo, a recuperação de N fixado biologicamente no brócolis e a cinética de decomposição da massa e liberação de N do AV. As parcelas foram fertilizadas com 12 Mg ha 
Introduction
Broccoli (Brassica oleracea var. italica) crop requires high supply of N for optimum yield (Karitonas, 2003) . Organic compost application rates on horticultural crops range between 20 and 40 Mg ha -1 (Souza & Resende, 2006 ) due both to high requirements of these crops and to low contents of nutrients, especially N. This high compost requirement is limiting to small growers. Although broccoli cultivation sequentially to cowpea resulted in seedling mortality and low yield (Schroeder et al., 1998) , adjusting the management of the leguminous biomass may reduce the need for compost on organic agriculture. However, N supply to crops by means of N mineralization on green manure residue must be synchronized with crop N demand (Thönnissen et al., 2000a (Thönnissen et al., , 2000b Cobo et al., 2002b; Murphy et al., 2004) , and it is necessary that biomass addition time and crop growth rate match (Lahti & Kuikman, 2003) .
Under tropical conditions, around 50% of green manure N may be mineralized within 15 days after the green manure is cut (Cobo et al., 2002a (Cobo et al., , 2000b . Most of the leguminous N have the soil organic matter as fate and losses may occur both by leaching (Fillery, 2001 ) and volatilization (Janzen & McGinn, 1991) , depending on complex variables such as the residue chemical characteristics and management, environmental conditions and developmental stage of the crop (Thönnissen et al., 2000a; Fillery, 2001; Murphy et al., 2004) . Simultaneous measurements of the amounts of mineral N in the soil and of biomass mineralization may be an indicator of the capacity of the leguminous residues of supplying N to the crops (Fillery, 2001) .
This work aimed to evaluate the effect of incorporation timing of velvet bean (Stizolobium cinereum) residue on organic broccoli yield and N status, on the mineral N content in the soil, and on biologically fixed N recovery by the broccoli crop.
Material and Methods
The work was carried out in Viçosa, MG, Brazil, The organic compost was locally produced by mixing Pennisetum purpureum biomass and poultry manure. The compost presented C:N ratio 18, total N 14.8 g kg -1 , P 2.6 g kg -1 , K 8.7 g kg -1 , Ca 12.9 g kg -1 and Mg 8.1 g kg -1 . The contents are the mean of 16 samples and were determined according to methods described in Malavolta et al. (1997) . The compost was manually distributed in the furrows shortly before seedling transplant.
The green manure velvet bean (Stizolobium cinereum) was cropped in a neighbor plot. Plants were cut at soil level at four months old (August 12, 2003) and the biomass was taken to the greenhouse (35ºC) for drying. After drying, the material was placed in nylon bags and kept in a dry and airy place until incorporation in the field. The GM biomass presented 36.2% of C (Walkley-Black) and 2.1% of total N (Kjeldahl) and the C:N ratio was 17:1. GM residue was distributed over the entire experimental plot and slightly incorporated (5 cm deep) into a single dose equivalent to 8.7 Mg ha -1 of dry biomass (177 kg ha -1 of N).
As mineral fertilizer, broccoli crop received 160 kg ha -1 of N (ammonium sulphate), 22 kg ha -1 of P (superphosphate) and 42 kg ha -1 of K (potassium chloride), based on recommendations of Fontes (1999) . N fertilization was split in four applications: 20 kg ha -1 N at transplant, and 80, 30 and 30 kg ha -1 of N applied, respectively, at 20, 40 and 60 days after transplant (DAT).
Thirty-six samples with 20 g of dry biomass of GM each were placed on soil surface and covered with 20x40 cm nylon net of 4 mm 2 mesh. The samples were distributed in the plots that received the C12GMd0 treatment, in four repetitions. The remaining dry matter of GM residue on each sample was collected at 0, 3, 7, 12, 15, 20, 30, 45 and 60 DAT, from September 15 to November 14, 2003 . The residue samples were dried, weighted, grounded and analyzed for N total content by Kjeldahl method (Bremner & Mulvaney, 1982) . GM biomass decomposition and N release kinetics were calculated by the exponential model described by Thomas & Asakawa (1993) .
Broccoli growth was estimated by the non-destructive parameter canopy area (CA), expressed in dm 2 obtained by the formulae CA = πr 2 (Santos et al., 2002) . The CA measurements were carried out fortnightly based on the mean canopy radius (r), measured transversally and longitudinally to the planting line. Broccoli yield (g plant -1 ) was measured on four plants plot -1 at harvest by determining the fresh biomass of the buds, cut at 2.5 cm below the last inflorescence insertion. The relative growth rate (RGR) was calculated according to Magalhães (1985) , based on the canopy area measurements in the different sampling dates.
For assessing the broccoli N status, the last fully developed leaf at the budding initial stage was sampled and, the total N content was determined by the Kjeldhal method (Bremner & Mulvaney, 1982) .
The effect of GM incorporation timing on soil mineral N availability (0 to 15 cm depth) along the crop growth was assessed in all plots but the one which received only GM. Soil samples were collected before transplanting and from 7 to 60 DAT, depending on when GM was incorporated into the soil. The soil samples were kept under room conditions (22°C, 85% RH) for 18 hours and then were taken to the freezer (-10 o C) until analysis resume. Mineral-N content in the soil was defined as the sum of NO -3 and NH + 4 contents. Nitrate and ammonium contents in the soil were determined, respectively, by the methods described by Yang et al. (1994) and by Kempers & Zweers (1986) .
Biological nitrogen fixation in GM and its recovery (BNF-N) by broccoli were estimated according to Shearer & Kohl (1986) , by means of the technique of natural abundance of 15 N. Bidens pilosa and Panicum maximum were the locally occurring, non-fixing species used as control in the technique.
The effect of GM application timing and decomposition kinetics were evaluated by analysis of polinomial regression. The models were chosen based on the significance level, the coefficient of determination, and residue analysis. Test for models identity were performed on relative growth rates equations. Comparison was carried out by nonorthogonal contrasts among the GM application dates and chosen control treatments. The Tukey test was applied for comparison among control treatments and for comparison of plant canopy area at harvest. The SAEG according to methodology of Ribeiro Júnior (2001) and the 'R' packages were used for the statistical procedures and all analysis were performed adopting p≤0.05.
Results and Discussion
Broccoli yield decreased linearly with the delay of GM incorporation (Figure 1 ). The highest broccoli yield was attained with the C12GMd0. The plants that received C12GMd15, C12GMd30 and C12GMd45, presented, respectively, 92, 83 and 75% of the yield of the plants fertilized with C12GMd0.
C25 resulted in broccoli yield similar to that obtained with MF, but higher than the yields resulting of both C12 and C0GMd0 and NOFERT. The supply of mineral fertilizer resulted in broccoli yield similar to those obtained with both C12 and C0GMd0 (Table 1) .
The comparisons among incorporation timing treatments and control treatments are presented in Table 2 . Both C12GMd0 and C12GMd15 resulted in (Figure 2 ). At harvest, the broccoli plants that received C12GMd0 presented a canopy area 23% larger (Tukey, p≤0.05) than the smallest (C12GMd15 and C12GMd45), while C12GMd30 resulted in canopy areas intermediate between those ones (Figure 2 A) . Among the control treatments, at harvest the largest (Tukey, p≤0.05) canopy area was obtained with supply of MF (Figure 2 B) . At harvest the supply of C25 resulted in canopy area higher (Tukey, p≤0.05) than the NOFERT treatment, but similar to the obtained with the supply of C0GMd0 and C12 treatments (Figure 2 B) .
Plants supplied with C12GMd0 presented a higher relative growth rate (RGR) during the decreasing phase of this rate, after 21 DAT. RGR was similar among those plants fertilized with C12GMd15, C12GMd30 or C12GMd45 (Figure 3 A) . Among the control treatments, the highest maximum RGR (0.144 dm 2 dm -2 day -1 ) occurred at 18 DAT on plants fertilized with C25 or MF, while the lowest maximum RGR (0.126 dm 2 dm-2 day -1 ) occurred five days later on not fertilized or on plants supplied with C0GMd0, while plants supplied with C12 presented RGR intermediate between those rates (Figure 3 B) .
The GM biomass decomposition and N release kinetics are shown in Figure 4 . Half-life of the GM dry biomass was of 35 days, while, at 24 days after incorporation, 50% of the initial N was no longer found in the GM residual biomass. At the end of 60 days, 30.5 kg ha -1 of the initial N was still found in the GM biomass. The different treatments resulted in broccoli plants with similar ( = 3.8%, p>0.05) leaf N content. However, the plants which received mineral fertilization presented the highest N content (4.3%), and no fertilized plants, the lowest (3.3%).
BNF accounted for 74% of the N present in the GM biomass. Considering the content of 2.1% of N, 1.5% of N present in the dry biomass of the GM was originated from the atmosphere, corresponding to 130 kg ha -1 of N at the applied dose.
No significant difference (p> 0.05) was found among the contents of BNF-N recovered in the broccoli plants that received GM. In these plants, 23.6% of N was originated from the BNF of the incorporated GM, regardless of date of incorporation. Mineral N content in the soil was affected by GM incorporation timing and other treatments ( Figure 5) . The mineral N content in the soil fertilized with only C12 increased up to 7 DAT, then progressively decreased and remained fairly constant after 45 DAT. At all dates, the GM incorporation resulted in a fast initial increase in soil mineral N availability. The C12GMd0 resulted in high content of mineral N up to 30 days. In the plots fertilized with C12GMd15, there was a decrease in the soil mineral N content between 7 and 15 DAT, followed by an increase up to 15 days after GM incorporation. Following the decrease in the soil mineral N content after 7 DAT, the C12GMd30 resulted in an increase of the content of mineral N in the soil until 37 DAT. This content decreased again and stabilized after 45 DAT. The supply of C12GMd45 also resulted in an increase of the soil mineral N content for 7 days, from 45 to 52 DAT . The soil fertilized with C25 presented an initial high content of mineral N, followed by a fast and then slow content decrease until harvest, while with the supply of MF, the mineral N content in the soil remained high up to 60 DAT, the last date evaluated.
Broccoli yields obtained from GM application added with 12 Mg ha -1 of organic compost, even on the later dates, were similar to those reported under tropical conditions (430 g plant -1 ) (Trevisan et al., 2003) . Schroeder et al. (1998) incorporated cowpea crop residues before broccoli crop, aiming to reduce the amount of N fertilizer applied as side dressing. These authors verified that the N derived from GM (103 kg ha -1 ) was not sufficient to result in higher broccoli yield, but reduced from 168 kg ha -1 to 84 kg ha -1 the need of N fertilizer supply. However, the same authors report higher plantlet mortality after transplanting, as an effect of GM incorporation. In this work, care was taken to prevent such effect by both incorporating GM residue just superficially and removing it from the plantlet stem base.
The results confirm the importance of synchronizing the date of GM biomass addition to the soil and the crop needs, as stressed by several authors (Thönnissen et al., 2000a (Thönnissen et al., , 2000b Fillery, 2001; Cobo et al., 2002a; Murphy et al., 2004) . The GM incorporation up to 15 DAT allows the reduction of the compost dose from 25 to 12 Mg ha -1 of compost, without broccoli yield losses, resulting in yields similar to that obtained with mineral fertilization. Although GM incorporation at a day next to transplanting may have reduced tomato production (Thönnissen et al., 2000b) , it should be emphasized that broccoli not only requires less N, but also has a shorter production cycle than tomato, thereby probably absorbing the released nutrients more precociously.
Broccoli yield is a result of plant growth. The supply of C12GMd0 results in plants with growth similar to that of plants supplied either with MF or high compost dose. In this treatment 144 kg N ha -1 were released just from the GM biomass until 60 DAT, amount which is similar to that supplied with mineral fertilizer. Later GM incorporation results in reduced plant growth, characterizing its effect in promoting growth when applied close to transplanting date. Such growth may be attributed to maintenance of higher RGR after the point of maximum relative growth in these plants, compared to the other incorporation dates.
The reference values for the optimum N contents in broccoli leaf tissue are between 2.6 to 3.6% (Karitonas, 2003) . The contents found in the broccoli leaf at the different treatments are within the recommended ranges. Despite the differences in yield and growth, leaf N contents were similar among the treatments, suggesting that there are other important aspects for determining plant yield.
BNF-N recovery in broccoli plants was elevated, considering the previous results reported by Thönnissen et al. (2000b) (9-15% in tomato) and Fillery (2001) (12-20% in general) . It should also be taken into account the BNF-N retained in the broccoli roots, not computed in the present work. Besides, the 15 N released by the decomposition of the leguminous biomass may have been exchanged by the 14 N present in the microbial mass, reducing the 15 N recovered (Thönnissen et al., 2000a) in broccoli. The fact that it is a fast growing and highly nutrient demanding crop has certainly contributed to this result, besides the fact that incorporation, even at 45 DAT, occurred on dates close to the transplanting of the crop in the field.
Since both total N and BNF-N contents in the leaf tissues of broccoli were similar in all treatments, regardless of time of GM incorporation, yield results suggest that time of application may be as important as the amount of the nutrient supplied. The results also suggest that it is more important to supply the nutrient when the broccoli plant presents high relative growth rates, from 7 to 41 DAT, than when it presents greater dry mass accumulation. In this work the N release from GM biomass increased from 33 kg ha -1 (7 DAT) to 122 kg ha -1 (41 DAT). Shelp & Liu (1992) report that leaf N concentration in broccoli was higher between 14 and 22 days after transplanting, decreasing with plant growth. In this work, during this period, the highest mineral N contents in soil were provided by incorporating the GM biomass until 15 DAT. In this period, despite the plants presenting small size, growth differences were already verified. Thus, N availability in soil at the initial broccoli growth phase seems to be crucial for the results obtained, and earlier incorporation of GM, added with half dose of organic compost, was able to provide such availability.
There was a rapid increase of the mineral N contents in the soil after GM mineralization. This result was probably due to the characteristics of low C:N ratio and high N content of the GM biomass, associated with the experimental conditions of irrigation, high temperatures and vegetal biomass incorporation, greatly favouring GM decomposition rate and extension and subsequent N release (Janzen & McGinn, 1991; Fillery, 2001; Murphy et al., 2004) .
In the control-treatments, between 14 and 22 DAT, the variations in mineral N contents may account not only for the initial RGR differences but also for the differences in broccoli yield. The MF and the supply of C25 resulted in high contents of mineral N in the soil, helping to explain both the highest RGRs and yields. The soil mineral N content peak at 45 DAT with MF supply is probably due to ammonium sulphate side dressing at 40 DAT, shortly before sampling. The result suggests that GM may be a promising tool of biologically improving N balance in high N demanding horticultural crops.
Conclusions
1. In organic broccoli cultivation under tropical conditions, the incorporation of velvet bean biomass up to 15 days after transplanting reduces organic compost needs from 25 to 12 Mg ha -1 , without yield loss.
2. The fast N mineralization from GM residue leads to an elevation of mineral N content in the soil in close synchronicity with plant requirements.
3. Biological nitrogen fixation provided 24% of the N present on the aboveground biomass of organically cultivated broccoli.
